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(54) THIN ORGANIC FILM EL ELEMENT 

(57)Abstract: 

PURPOSE: To conduct low voltage drive and enhance durability 
by providing at least one inclined structure layer having a 
concentration gradient in a component between respective layers 
of an EL element provided with organic compound layers 
between two electrodes. 

CONSTITUTION: A transparent positive electrode 2 comprising 
a vapor deposition thin fiUn of a metal such as gold, platinum, 
paUadium and die Uke or an oxide fflm of tin, indium-tin and the 
like is formed on a glass substrate 1 . Between a compound layer 
3 having an electron hole transport function and an electron 
teansporting organic compound layer 4 having a light emission 
function both formed thereon, an inclined structure layer 8 
having a concentration gradient >^erein components of both the 
layers are continuously varied is provided. A negative electrode 7 
IS formed by vapor deposition of a metal having a little work 

function or of this metal together with another stable metal. Between the layer 4 and the negative 
electrode 7 an mclmed structure layer 9 of conqjonents of both layers can be provided. 
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Organic thin film EL element 
(57) [Abstract] 
[Purpose] 

It is aimed that deterioration of luminescence and luminance of an element is 
5 eliminated, and durability as an element is improved by lowering drive voltage. 
[Construction] 

An organic thin film EL element, in which a compound layer having a hole 
transportability, and an electron transporting organic compound layer having a light 
emitting function are laminated between two electrodes, at least one of which is a metal 
10 electrode, characterized in that an inclined structure layer, provided with a concentration 
gradient by each component which forms an interlayer portion, is formed at least in one 
of the interlayer portions of layers that constitute the EL element. 
[Scope of Claims] 
[Claim 1] 

15 An organic thin film EL element, in which a compound layer having a hole 

transportability, and an electron transporting organic compound layer having a light 
emitting function are laminated between two electrodes, at least one of which is a metal 
electrode, characterized in that an inclined structure layer, provided with a concentration 
gradient by each component which forms an interlayer portion, is formed at least in one 

20 of the interlayer portions of layers that constitute the EL element. 
(Claim 2] 

An organic thin fihn EL element, in which a compound layer having a hole 
transportability, an organic compound layer having a light emitting function, and an 
organic compound layer having an electron transportability are laminated between two 

25 electrodes, at least one of which is a metal electrode, characterized in that an mclined 
structure layer, provided with a concentration gradient by each component which forms 
an interiayer portion, is formed at least in one of the interiayer portions of layers that 
constitute the EL element. 
[Detailed Description of the Invention] 

30 [0001] 
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[Field of Industrial Application] 

The present invention relates to an EL element using electric luminescence, 
namely, EL (Electro Luminescence). More in detail, the invention relates to an organic 
thin film EL element in which low voltage drive and durability improvement are 
5 realized, by providing at least one inclined structure layer with a component having a 
concentration gradient in an interiayer portion of layers of the EL element provided with 
an organic compound layer between two electrodes. 
[0002] 
[Prior Art] 

10 EL elements can be divided into two types depending on their different 

luminescence mechanisms: (1) Intrinsic EL type light emitting element, which emits 
light only in an alternating electric field, by exciting a light emitter by a local movement 
of an electron or a hole in a light emitting layer, (2) Carrier injection type EL light 
emitting element which emits light by exciting a light emitter due to injection of an 

16 electron and a hole from electrodes and their recombination in a light emitting layer. 
An intrinsic EL type light emitting element of (1) generally includes an inorganic 
compound as a light emitter, but there are many problems that a high alternating electric 
field of 100 V or more is necessary for driving, a production cost is high, luminance or 
durability is insufBdent or the like. As for a carrier injection type EL light emitting 

20 element of (2), a light emitting element driven by low voltage and having high 
luminance can be obtained since a technique using a thin film organic compound as a 
light emitting layer has been developed. These EL elements are disclosed, for example, 
in Japanese Patent Laid-Open No. Sho59-194393, USP 4,720,43 and in Jpn. Journal of 
Physics, vol. 27, pp. 713 - 715. These elements are normally an element, in which a 

25 hole injectmg transporting layer, or an electron injecting layer is provided on one side or 
both sides of a light emittmg layer, and light with high luminance is emitted by a 
direct-current electric field of 50 V or less. However, a conventional carrier injection 
type EL light emitting element has problems that physical and electric contact between 
layers is insufficient, drive voltage is increased, and durability is deteriorated, because it 

30 is formed by laminating each layer of a multilayer structure (FIGS. 2A and 2B). 
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[0003] 

[Problems to be solved by the Invention] 

The present invention is made in view of a situation of the prior art described 
above, and its purpose is to provide an organic thin film EL clement having lowered 
5 drive voltage and excellent durability. The inventors have considered a structure 
between layers in detail in order to achieve the purpose. As a result, they found that 
the problems can be solved in the case of a so-called inclined structure, in which each 
component forming an interlayer portion has a concentration gradient, and there is no 
clear boundary as like as layers are simply laminated. Accordingly, the invention is 
10 completed. 
[0004] 

[Means to solve the Problems] 

The present invention provides: 

1. An organic thin film EL element, in which a compound layer having a hole 
16 transportability, and an electron transporting organic compound layer having a light 

emitting function are laminated between two electrodes, at least one of which is a 
metal electrode, characterized in that an inclined structure layer, provided with a 
concentration gradient by each component which forms an interlayer portion, is 
formed at least in one of the interlayer portions of layers that constitute the EL 
20 element. 

2. An organic thin film EL element, in which a compoimd layer having a hole 
transportability, an organic compound layer with a light emitting function, and an 
organic compound layer having an electron transportability are laminated between 
two electrodes, at least one of which is a metal electrode, characterized in that an 

25 inclined structure layer, provided with a concentration gradient by each component 
which forms an interlayer portion, is formed at least in one of the interlayer portions 
of layers that constitute the EL element. 
[0005] 

In the invention, an organic thin film EL element is provided, which is 
30 characterized to have an inclined structure layer in each interlayer portion of organic 
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compound layers and in an interlayer portion between an organic compound layer and a 
metal electrode. The Inclined structure layer is provided by adjusting evaporation rate 
with a vacuum deposition apparatus having an evaporation boat, each of which has an 
independent power supply circuit, when the respective organic compound layers and the 
5 electrode layers of the element are laminated. In the organic thin film EL element of 
the invention, at least one inclined structure layer, provided with a concentration 
gradient by each component of layers, is laminated in an interlayer portion of an 
element having the following structure: 

(1) anode/compound layer having hole transportability/electron transporting organic 
10 compound layer having light emitting function/cathode 

(2) anode/compound layer having hole transportability/organic compound layer having 
light emitting function/organic compound layer having electron 
transportability/cathode 

[0006] 

16 - Further, the invention is described in detail with reference to drawings 

hereinafter. FIGS. lA and IC are cross-sectional views of an organic thin film EL 
element of the invention. Reference numeral 1 denotes a glass substrate, and 2 denotes 
a transparent anode formed over the substrate. The transparent anode 2 is a deposited 
thin film of a metal such as gold, platinum or palladium, or is an oxide film of tin, 

20 indium-tin or the like. The anode is preferably transparent to a visible light ray in 
order to extract light emission. Reference numeral 3 denotes a compound layer having 
a hole transportability, and 4 denotes an electron transporting organic compound layer 
having a light emitting function. Reference numeral 8 denotes a portion of a so-called 
inclined structure layer provided with a concentration gradient in which the component 

25 of the layer 3 and the component of the layer 4 are changed continuously. In addition, 
reference numeral 7 denotes a cathode formed by vacuum deposition of a metal. 
Various metals can be used as a metal for the cathode 7 as long as it is a solid metal 
capable of being vacuum-deposited. In particular, a metal with a low work function, or 
a co-deposited metal of a metal with a low work function and a stable metal is 

30 preferably used. Reference numeral 9 denotes an inclined structure layer of the 
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component of the layer 4 and the component of the layer 7. FIGS. IB and ID are 
cross-sectional views of another organic thin film EL element of the invention, and 
layers 1 to 3 to be formed are the same as indicated in the FIGS. lA and IC. 
Reference numeral 5 denotes an organic compound layer having a light emitting 
5 function, and 10 denotes an inclined structure layer of the component of the layer 3 and 
the component of the layer 5. Reference numeral 6 denotes an organic compound 
layer having an electron transportability, and 11 denotes an inclined structure layer of 
the component of the layer 5 and the component of the layer 6. Reference numeral 7 
denotes a cathode composed of the same metal as the FIGS. lA and IC, and 12 denotes 
10 an inclined structure layer of the component of the layer 6 and the component of the 
layer 7. In an EL element of the invention, an inclined structure layer may be provided 
between the EL element anode 2 and the compound layer 3 having a hole 
transportability in order to further increase the hole transporting effidency. 
[0007] 

16 A material having a excellent hole transportability whidi can be 

vacuum-deposited, such as oligomer of polyvinyl carbazole, condensate of 
N,N-diphenyl toluidine and ketones or the like can be used as a compound having a 
hole transportability used for the invention. Further, a triphenylamine derivative, 
stilbene derivatives, oxadiazole derivatives or the like is given as an example of a single 

20 organic compound, though an organic compound used for the invention is not limited 
thereto. The organic compound may be also used in mixture in order to improve a 
hole transportability, prevention of crystallization and stability, 
[0008] 

In addition, an oxine metal complex, a perylene derivative, 
25 polyphenyl-cyclopentadiene, a phthaloperylene derivative, a triphenylamine derivative 
or the like, and many other organic compounds are given as an example of an organic 
compound having a light emitting function used for the invention, however, the 
invention is not limited thereto. 
[0009] 

30 The single thickness of the compound layer 3 having a hole transportability 
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mentioned above is less than 1000 A, preferably, 10 A to 500 A. When it is more than 
1000 A, drive voltage increases remarkably, which is against the purpose of the 
invention. The thickness of the inclined structure layer 8 formed between the 
compound layer 3 having a hole transportability and the electron transporting organic 
5 compound layer 4 having a light emitting function, or the thickness of the inclined 
structure layer 10 formed between the compound layer 3 having a hole transportability 
and the organic compound layer 5 having a light emitting function, is 5 A to 1000 A, 
preferably, 10 A to 500 A. Physical strength is insufficient with the thickness less than 

5 A. When it is more than 1000 A, drive voltage increases remarkably, which is 
10 against the purpose of the invention. 

[0010] 

In addition, the single thickness of the electron transporting organic compound 
layer 4 having a light emitting function, or of the organic compound layer 5 having a 
light emitting function, is less than 1000 A, preferably 50 A to 500 A. When it is more 

15 than 1000 A, drive voltage increases remarkably, which is against the purpose of the 
invention. The organic compound layer 6 having an electron transportability of the 
invention is less than 1000 A, preferably 50 A to 500A When the thickness is more 
than 1000 A, drive voltage increases remarkably, which is against the purpose of the 
invention. The thickness of the inclined structure layer 11, which is formed by the 

20 organic compound layer 5 having a light emitting function and the organic compound 
layer 6 with an electron transportability, is preferably the same as the inclined structure 
layer 8 or 10, from the aspects of physical strength and drive voltage. When the 
thickness of the organic compound layer 6 having an electron transportability is 100 A 
or less, the thickness of the inclined structure layer 11 is preferably 200 A to 500 A. 

25 The thickness of the inclined structure layer 9 formed between the electron transporting 
organic compound layer 4 having a light emitting function and the cathode 7, or the 
thickness of the inclined structure layer 12 formed between the organic compound layer 

6 having an electron transportability and the cathode 7, is 5 A to 500 A, preferably 10 A 
to 100 A. In the case where the thickness is less than 5 A, the adhesion effect between 

30 the layers is deteriorated, in addition, there is no great merit even with the thickness 
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more than 500 A. 
[0011] 

An inclined structure layer of the invention has a concentration gradient in 
which each component, which fonns an interlayer portion of layers provided between 
5 electrodes, is changed continuously, and has no clear boundary as like as layers are 
simply laminated. In the concentration gradient changed continuously, a component 
concentration may be constant in one layer, and a component concentration may 
increase or decrease continuously in another layer; or a component concentration may 
increase or decrease towards respective layers from the middle of each layer. A 

10 method for obtaining an inclined structure layer of the invention is to deposit a 
component of one layer in vacuum for a predetermined time, while a deposition time of 
a component of another layer is changed continuously. Alternatively, a method 
changing a deposition time of components of both layers continuously may be also 
applied. 

15 [0012] 

Furthermore, the thickness of each organic compound layer affects the drive 
voltage directly. Therefore, it is preferable to make the thickness as thin as possible so 
that the drive voltage is lowered; however, dielectric breakdown voltage also tends to be 
lowered. Thus, the total thickness of the organic compound layers of the whole 
20 element may be selected according to the purpose and should not be limited. Then, a 
transparent cathode is preferably formed by vacuum deposition as the cathode 7 of the 
invention, and the thickness is not particularly limited. 
[00131 

An EL element obtained in the invention is mainly used a flat-panel and a field 
25 where a liquid crystal display is used, in addition to a back light for LCD, a large-sized 
display and a television. 
[0014] 

[Embodiment] 

Hereinafter, the present invention is described more in detail according to 
30 embodiments. 
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Embodiment 1 

In order to form an anode, ultrasonic cleaning is performed to a glass coated 
with an indium-tin oxide (manufactured by Matsuzaki Shinku Co. Ltd, hereinafter 
referred to as ITO) in acetone for 10 minutes. Then, the glass is boiled in ethanol for 5 
5 minutes and taken out, and dry nitrogen gas is sprayed to dry it. After that, the glass is 
set in a vacuum equipment. N,N'-diphenyl-N,NX3-methylphenyl)-l,l'-bipheny-I-4, 
4'-diamine (hereinafter refened to as TPD) as an organic compound having a hole 
transportability, and aluminum complex of oxine (hereinafter referred to as Alq^) as an 
election transporting organic compound having a light emitting function, further, 

10 magnesium and silver as a cathode material, are respectively put in resistance heating 
boats having an independent power supply circuit in the vacuum equipment, and 
vacuum degree in the vacuum equipment is set at 3 x 10 ^ torr. First, TPD of 50 A is 
deposited on a surface of ITO under a constant deposition rate of 1.0 A/Sec by heating 
the boat of TPD, in order to fonn an organic compound layer having a hole 

15 transportability. While continuing depositing TPD under the constant deposition rate 
of 1.0 A/Sec, deposition of Alq^ is started. A deposition rate of Alq'' increases 
gradually from 0 A/Sec. When an inclined structure layer provided with a component 
concentration gradient of TPD and Alq^ is 190 A, the deposition rate of Alq^ is 10 A/Sec. 
Heating of TPD is reduced at this time, and deposition of TPD is stopped when the 

20 inclined structure layer is 200 A. Then, an electron transporting organic compound 
layer having a light emitting function of 200 A is formed by continuing depositing Alq^ 
alone. After that, magnesium and silver are co-deposited to form a cathode of 2000 A. 
When the ITO side serves as an anode and direct current voltage is applied to the 
cathode mentioned above, the obtained element emits green light. Further, a 

25 luminance is 945 cd/m^ with a drive voltage of 15 V and a current density of 110 
mA/cm^. This element can also operate in the air. When this element is driven in the 
sufficiently dry air under a condition where a current density is 6 mA/cm^ and a 
luminance is 50 cd/m^, luminance deterioration is not observed after 48 hours. 
[0015] 

30 Embodiment 2 
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By using the same materials as Embodiment 1 and performing the same 
operation, an organic compound layer having a hole transportability of 200 A, an 
inclined structure layer of 100 A, an electron transporting organic compound layer 
having a light emitting function of 200 A, and a cathode of 2000 A are formed over an 
5 ITO glass surface in order to form an organic thin film EL element* When the ITO 
side serves as an anode and direct current voltage is applied to the cathode mentioned 
above, the obtained element emits green light. A luminance is 1000 cd/m^ with a drive 
voltage of 21 V and a current density of 100 mA/cm^. This element can also operate in 
the air. When this element is driven in sufiBciently dry nitrogen under a condition 
10 where a current density is 5 mbA/cm^ and a luminance is 50 cd/m^, luminance 
deterioration is not observed after 48 hours. 
[0016] 

Comparative Example 1 

By using the equipment of Embodiment 1 and the same materials, an organic 

15 compound layer having a hole transportability of 250 A, an electron transporting 
organic compound layer having a light emitting function of 250 A, and a cathode of 
2000 A are vacuum-deposited over an ITO glass surface in order to fonn an organic thin 
film EL element. This element emits green light at 13 V, but the electrode is broken in 
a few seconds. 

20 [0017] 

Comparative Example 2 

By using the equipment of Embodiment 1 and the same materials, an organic 
compound layer having a hole transportability of 500 A, an electron transporting 
organic compound layer having a light emitting function of 800 A, and a cathode of 

25 2000 A are vacuum-deposited over an TFO glass surface in order to form an organic thin 
film EL element. This element emits green light having a luminance of 925 cd/m^ by a 
drive voltage of 46 V and a current density of 110 mA/cm^ However, light has a 
luminance of 2 cd/m^ or less at 21 V. Moreover, when silver paste is coated on a 
cathode metal surface and a cathode terminal is bonded for the cathode terminal leading 

30 out, the deposited cathode metal is easily peeled from the electron transporting organic 
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compound layer having a light emitting function. 
[0018] 

Embodiment 3 

By using the equipment of Embodiment 1 and the same materials, an organic 
6 compound layer having a hole transportability of 400 A and an electron transporting 
organic compound layer having a light emitting function of 600 A are deposited, and an 
inclined structure layer of 100 A is formed between layers of Alq^ and a cathode metal, 
and then, a cathode of 2000 A is vacuum-deposited over an FTO glass surface in order 
to form an organic thin film EL element. This element emits green light having a 

10 luminance of 950 cd/m^ by a drive voltage of 30 V and a current density of 100 mA/cm^, 
When a cellophane tape is attached to the cathode metal surface of this element and 
removed, the organic compound layer portion is attached to the cathode metal. Further, 
the cathode metal is not peeled, even at the time of the cathode terminal leading out by 
silver paste bonding. 

15 [0019] 

Embodiment 4 

As in the Embodiment 1, an oiganic compound layer having a hole 
transportability of 200 A and an inclined structure layer of SO A are formed, and an 
electron transporting organic compound layer having a light emitting function of 200 A 

20 is further deposited, and then, an inclined structure layer of 50 A is formed between 
layers of Alq^ and a cathode metal, and a cathode metal of 2000 A is vacuum^deposited 
over an ITO glass surface in order to form an organic thin £ihn EL element. When the 
rro side serves as an anode and direct current vohage is applied to the cathode 
mentioned above, the obtained element emits green light. A luminance is 1050 cd/m^ 

25 by a drive voltage of 19 V and a current density of 100 mA/cm^. This element can also 
operate in the air. Further, when this element is driven in sufficiently dry nitrogen 
under a condition where a current density is 5 mA/m^ and a luminance is 50 cd/m^ 
luminance deterioration is not observed after 48 hours. The cathode portion of this 
element is not peeled, at the time of the cathode terminal leading out by silver paste 

30 bonding. 
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[0020] 

[Effect of the Invention] 

An organic thin film EL element of the present invention is provided with a 
so-called inclined structure layer, without a clear boundary, at least in one interlayer 
6 portion of multi-layers that constitute the element. As a result, there is an advantage 
that contact between each layer is improved, injection of a carrier such as an electron is 
also improved by enlargement of a contact area, further, low voltage drive and 
durability can be realized or the like. 
[Brief Description of the Drawings] 
10 [FIG 1] 

FIGS. lA, IB, IC and ID are cross-sectional views showing one example of an 
organic thin film EL element according to the present invention. 
[FIG 2] 

FIGS. 2A and 2B are cross-sectional views showing one example of a 
15 conventional organic thin film EL element. 
[Explanation of Reference Numerals] 

1 Glass substrate 

2 Anode 

3 Compound layer having hole transportability 

20 4 Electron transporting organic compound layer having light emitting function 

5 Organic compound layer having light emitting function 

6 Organic compound layer having electron transportability 

7 Cathode 

8 Inclined structure layer between compound layer having hole transportability and 
25 electron transporting organic compound layer having light emitting function 

9 Inclined structure layer between electron transporting organic compound layer 
having light emitting function and cathode 

10 Inclined structure layer between compound layer having hole transportability and 
organic compoimd layer having light emitting function 

30 11 Inclined structure layer between organic compound layer having light emitting 
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function and organic compound layer having electron transportability 
12 Inclined structure layer between organic compound layer having electron 
transportability and cathode 
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